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Abstract: Controlled Modulus Columns (CMC) ground improvement technique is a 
novel approach to reduce ground settlement. To install CMC, a rotary displacement 
auger is used to form a vertical cylindrical cavity, by displacing the surrounding soils 
laterally, followed by grout injection. While the method reduces spoil generation, 
excessive lateral soil displacement may damage the adjacent structures and freshly-
grouted CMCs. Although there has been growing interest in quantifying such effects, 
only a handful of studies have been attempted. This paper presents results of a 
numerical investigation on the CMC installation effect on an existing bridge pile 
using the three-dimensional finite difference software package FLAC3D. The bridge 
pile response to the lateral soil movement induced by the CMC installation are 




   Ground improvement using Controlled Modulus Column (CMC) is an innovative 
method that uses rigid inclusions to reinforce soft ground, typically for projects 
having a tight construction schedule or concern related to contaminated soils. The 
Gerringong Upgrade project is one recent project where CMC have been successfully 
utilised for bridge and road construction (Fulton Hogan 2013). The solution consists 
of installing non-reinforced concrete columns in the ground, followed by the 
construction of a load transfer platform prior to the construction of the fill 
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   Both pile and CMC are considered impermeable and are modelled using solid 
elements. The pile is assumed socketed into the bedrock or stiff ground and 
characterized by an isotropic linear elastic law, described by a Young’s modulus	of 
20 GPa, a Poisson’s ratio of 0.2 and a density of 2400 kg/m3. The Mohr Coulomb 
(MC) material model was used to represent CMC behaviour. In this study it was 
assumed that the CMC grout set quickly after injection. Hence, a grout density of 
2400 kg/m3, bulk modulus ܭ	= 3.23	GPa, shear modulus ܩ	= 2.42 GPa, the cohesion 
ܿᇱ	= 300 kPa, the friction angle ߶ᇱ= 5°, and a tensile strength ߪ௧	= 520 kPa were 
adopted for CMC simulation. The stiffnesses and the tensile strength of CMCs were 
estimated according to Eurocode 2 (BSI 2004) using a typical characteristic cylinder 
compressive strength of sand concrete ௖݂௞	= 10 MPa. The ground surface profile 
adopted in this study is horizontal. It is noted the topography of a given site has great 
influence on soil deformation and needs to be accounted for. 
 
Interfaces, Boundary and Initial Conditions  
  
   To allow gapping or sliding between the soft clay and CMC/pile, interface elements 
with negligible tensile strength were employed. The interface behaviour is determined 
by the friction angle and cohesion, which were set equal to those of the soft clay. The 
interface normal and shear stiffnesses are estimated using Eq. 1 as recommended by 
Itasca (2012).  
 




where ܭ and ܩ are the maximum values of soil bulk and shear moduli, respectively; 
and ∆ݖ୫୧୬ is the minimum mesh size in the elements adjacent to the interface.  
 
   The bottom soil boundary in Fig. 2a is restrained vertically. The soil at the side 
boundaries is fixed against the displacement normal to the boundary planes. The top 
boundary is free and is considered permeable (free draining). The initial conditions 
include the initial hydrostatic pore water pressure assuming groundwater table at the 
ground surface; and initial effective stresses due to soil self-weight, assuming a 
gravitational acceleration of 9.81 m/s2. Once the in-situ stresses are established, the 
bridge pile is installed by simply changing material properties in the pile zones, from 
those of soil to concrete and the system is brought again into equilibrium.  
 
Modelling CMC Installation  
 
   The simulation of the CMC installation process is executed in two stages: (i) 
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